severe economic losses across a wide geographic region (3, 44, 48, 78) . Although severe 52 clinical disease has been primarily restricted to improved wool and mutton breeds of sheep, 53 the BTV-8 serotype, which entered Northern Europe in 2006 (15, 71) , recorded relatively 54 high case fatality rates in cattle (up to 1%) and a range of economically damaging clinical 55 signs (19, 49, 74, 78) . 56 BTV is a complex non-enveloped virus with a 10-segmented double-stranded RNA (dsRNA) 57 genome that encodes 7 structural proteins (VP1-7) and 4 distinct non-structural proteins 58 (NS1, NS2, NS3/NS3A and NS4) (5, 50, 59, 61) . The virus particle is organized into three 59 icosahedral protein capsids with an outer shell formed by VP2 and VP5, an inner capsid (or 60 'outer-core' ) composed of VP7, and an innermost layer (or 'subcore') formed by VP3 (30, 61 31). The subcore surrounds the viral transcription complexes, composed of VP1 62 (polymerase), VP4 (capping enzyme) and VP6 (helicase) proteins, and the viral genomic 63 segments (30, 60) . The function of NS1 has yet to be fully defined, although it has been 64 associated with cytopathogenesis (56) and the formation of characteristic tubules within the 4 bodies (VIBs), where the assembly of new viral progeny takes place (11, 70) . NS3/NS3A 67 facilitates viral release, either by increasing plasma membrane permeability or by viral 68 budding, according to the host cell considered (33, 38) . NS4, the most recently described 69 non-structural protein of BTV, favours BTV replication in cells pre-treated with interferon (5, 70 59).
71
Culicoides imicola is regarded as the major vector species in Africa (21) and Southern Europe 72 (8, 47) . It has been speculated that the progressive spread of this species in Europe is due to 73 global warming and, in turn, is responsible for the increasing emergence of BTV in naïve 74 European livestock (58). However, the recent BTV-8 outbreak in Northern Europe occurred Northern Europe (13, 20, 65) , and the successful infections of both groups in the laboratory 80 (14) . In light of this evidence, the whole of Europe is currently regarded as "at risk" for the 81 emergence of bluetongue and other arthropod-borne diseases (32, 43, 57 (GE Healthcare). Finally, the membranes were washed and developed with ECL-Plus (GE 198 Healthcare) followed by exposure to X-ray film (GE Healthcare).
199
Culicoides infection assays. Adult Culicoides sonorensis were produced from the colony 200 maintained at the Pirbright laboratory (7). Two-to-three-day-old females (n=60) was lower than that of wt BTV-1 (Fig. 1C) . The genome segment migration patterns of wt the BTV-1 genome (Fig. 1D) . Protein bands were detected by western blotting at 26 and 24 285 kDa (NS3 and NS3a respectively), along with a smear at higher molecular weights typical of 286 wt BTV-1 NS3/NS3A (Fig. 1E) . In contrast, BTV-1/NS3mCherry displayed a band of 287 approximately 53kDa that corresponds to the NS3mCherry protein (Fig. 1E ). NS1 was also 288 detected in BSR cells infected with BTV-1/NS3mCherry, albeit at lower levels compared to 289 wt BTV-1 NS1 (Fig. 1E ).
290
Characterization of BTV-1/NS3mCherry. As mCherry is fused to NS3, a fluorescent signal is 291 only observed when the recombinant virus enters the cell, replicates and synthesizes its 292 non-structural proteins. By confocal microscopy, we observed mCherry expression in BSR cells infected with BTV-1/NS3mCherry. Moreover, the mCherry fluorescent signal was 294 detected in the same cells as those expressing NS2 ( Fig. 2A) presence of NS1 tubules, VIBs containing progeny cores and viral particles (Fig. 2B ).
298
Interestingly, viral particles budding at the plasma membrane was observed for wt BTV-1 299 but not BTV-1/NS3mCherry (Fig. 2B, panel iii) .
300
Growth curves in BSR cells showed that BTV-1/NS3mCherry displays a slightly lower 301 replication rate compared to wt BTV-1 (Fig. 3A) . However, in BFAE and KC cells, wt BTV-1 302 replicated much more efficiently than BTV-1/NS3mCherry (Fig. 3B-C indicating low levels of BTV replication ( Fig. 4C and D) . Together, these data reveal that the and 5.75 log 10 TCID 50 /ml for the Yolk-T (Fig. 4D ).
342
The Yolk-Gal4 is a transgenic strain that expresses a high quantity of the yeast transcription an intense signal was detected in D10 Yolk-T injected with BTV-1/NS3mCherry (Fig. 5D-O ).
359
The proventriculus (i.e., the junction between the foregut and midgut) was found to be 360 heavily infected by BTV-1/NS3mCherry, with the fluorescent signal particularly restricted to 361 the ectodermal cells of foregut origin (Fig. 5D-F) . No signal was observed in the endodermal cells originating from the midgut (Fig. 5F ). between the two predicted transmembrane domains of NS3/NS3A (2) and, by reverse 377 genetics, we successfully rescued the modified BTV-1/NS3mCherry. corresponding to NS3mCherry (Fig. 1E ). NS3A expression is generally much lower than that 383 of NS3 (79), most probably as both compete for the cell translation machinery. In addition, NS1 and NS3 protein levels appear lower in BTV-1/NS3mCherry than in wt BTV-1 (Fig. 1E ), 385 possibly due to the slightly different replication rates of these two viruses in BSR cells (Fig.   386   3A) . It is therefore possible that the level of NS3AmCherry proteins is too low to be detected 387 in our experiment. A few weak bands of a low molecular weight were also observed (Fig. 1E ) 388 and may represent degradation products. Moreover, the smearing of the wt BTV-1 389 NS3/NS3A, most likely associated with glycosylated forms of the protein (16, 79), was not 390 observed ( Fig. 1E) , suggesting that glycosylation of NS3mCherry may be blocked. Indeed, the The results reported in this study demonstrate that the wt BTV-1 and BTV-1/NS3mCherry 406 replicate efficiently in both the transgenic Yolk-Gal4 and "wild-type" Canton-S D.
melanogaster when introduced by intrathoracic inoculation. We noticed that BTV 408 replication is significantly lower in Canton-S compared to Yolk-Gal4. This difference may be 409 explained by the fact that the Yolk-Gal4 expresses a high quantity of the yeast transcription 410 factor Gal4 in the fat body (27) and, therefore, may be less fit compared to the "wild-type"
411
Canton-S D. melanogaster. Nonetheless, the Yolk-Gal4 strain may prove to be useful in 412 future studies that require the specific knock-down of genes of interest in the fat bodies.
413
During the course of the current study, evidence was also produced that tetracycline treatment, the Yolk-Gal4 strain (Yolk-NT) was found to be positive for W.
506
pipientis using primers specific for 16S rDNA and wsp. In contrast, and as expected, the 507 tetracycline-treated Yolk-Gal4 (Yolk-T) and Canton-S (CS) strains were found negative for W. 
